Radioluminescence microscopy (RLM) is an imaging technique that allows quantitative analysis
double scintillator configurations. The radioactive decay signals were analyzed using the ORBIT toolbox (optical reconstruction of 9 9 the beta-ionization track) [16] . In ORBIT, the reconstruction process starts by subtracting the 1 0 0 background noise from each RLM image. Individual scintillation flashes are then isolated within 1 0 1 each image frame and converted into (x, y) event coordinates. Once this process is repeated for 1 0 2 the entire set of 10,000 images, the positions of all detected events are aggregated into a single 1 0 3 image, where each pixel represents the number of radioactive decay events detected at that 1 0 4 location. Detailed reconstruction procedures and radioluminescence imaging can also be found 1 0 5 from our previous papers [14, 16, 17] . Experimental results were also compared by simulating the radioluminescence process using a 1 0 9
Monte Carlo software package (Geant4), as described in our previous work [18, 19] . A single 18 F 1 1 0 point source with 1 Bq of radioactivity was generated in virtual space to represent a single 1 1 1 radiolabeled cell. For the single scintillator experiment, the source was positioned 5 µm above a 1 1 2 100 µm-thick CdWO 4 slab. For the double scintillator configuration, a second CdWO 4 1 1 3 scintillator was placed 5 µm above the source, i.e. with the 18 F point source equidistant from the 1 1 4 two scintillators. A total of 20,000 radioactive decay events were simulated, and the 1 1 5 corresponding radioluminescence images were generated. The raw images were then 1 1 6 reconstructed using the same methods from the previous section with the ORBIT toolbox. Radioluminescence images of single vs. double scintillator 1 2 0
As expected, experimental results demonstrate that the double scintillator configuration yields 1 2 1 significantly higher radioactive decay count. RLM images acquired with the two configurations 1 2 2 are shown in Figure 2a and 2b, respectively. The figures are shown in color using the same 1 2 3 intensity scale, where red represents higher radioactive decay counts measured at each pixel. Also, the double scintillator configuration can detect radioactivity from cells that are otherwise that the radioactive decay counts of the double scintillator case were adjusted to correct for the 1 2 7 7 half-life of 18 F (τ 1/2 ~110 minutes). Since the double scintillator image was acquired 21 minutes 1 2 8 after the single scintillator image, the displayed count values were increased by 14%. The number of radioactive decay counts detected for each cell was estimated by drawing a by,
where S is the detection sensitivity of the RLM system, Y is the radioactive yield for particulate The sensitivity increase can thus be expressed in terms of the ratio,
is the time delay between the two measurements. cells), we individually quantified the radioluminescence signals (Fig 3a) . While the data scatter indeed more sensitive than the single scintillator by a factor of 2. The average uptake values also 1 5 5
show a two-fold increase in sensitivity, 73 ± 34 counts/ROI (mean ± one standard deviation) and 1 5 6 37 ± 14 counts/ROI for double and single scintillator, respectively. radiotracer 3 -4 times more than other cells. Furthermore, the measured average cell uptake was 1 6 0 increased by two-fold when the second scintillator was added. The average uptake values were Spatial Resolution
The spatial resolution of the single and dual scintillator cases was quantitatively assessed by 1 7 1 drawing a line profile across two radioactive cells (Fig 4a) . The profile was normalized 1 7 2
according to the maximum count values for both configurations (Fig 4b) . Results clearly show be observed between the two configurations. This simple comparison suggests that the sensitivity 1 7 6 of RLM can be increased without significant degradation in spatial resolution. To further assess the effects on spatial resolution, a Monte Carlo simulation of the system was well with the experimental results -the double scintillator is more sensitive than the single 1 8 9
scintillator system by a factor of two. It can be seen from the simulation, however, that the single 1 9 0
scintillator system provides slightly higher spatial resolution than the double scintillator system. Using a circularly symmetric 2-D Gaussian curve fit, we estimate the FWHM of both systems 1 9 2 and find that the single-scintillator system achieves a spatial resolution of 44 µm, compared with 1 9 3 53 µm for the double-scintillator system. The main finding of this study is that the double scintillator configuration increases the detection considerations must be made. The first is the depth of field of the microscope, which must be 2 0 4 large enough to accommodate both scintillators. The depth of field d LLM of a microscope is,
where λ = 475 nm is the emission peak of the scintillation light, n is the refractive index of the 2 0 6 medium, NA is the numerical aperture of the objective lens, e is the pixel size, b is the binning 
